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INTRODUCTION

An essential component for the design of long-haul, high capacity
fiber optic systems is the receiver preamplifier. The preamplifier
is the first stage -f the receiver consisting of an optical
photodetector dio' .nd, ideally, a very low noise/high
sensitivity/high bandwidth amplifier.

The main function of the preamplifier is to provide conversion of
light (which has been intensity modulated) into electrical form
where it may be processed using conventional analog or digital
techniques. Because the detected light is often at a very low
optical level, generally in the nanowatt region, the preamplifier
must possess high sensitivity and noise rejection to preserve the
intended signal to noise ratio (SNR) or bit error rate (BER)
objective of the system. In high bandwidth/long-haul capacity
systems, high receiver sensitivity is particularly important since
it reduces the requirement for optical regeneration (e.g.,
repeaters), offers greater design flexibility i"; the source
selection process associated with the transmitter, and tyivcallv
lowers both the cable cost and maintenance aspect of the ovprall
system.

PHOTODETECTORS FOR OPTICAL FIBER COMIUNICATIONS

Photodetectors for fiber optic systems rely on the use of either a
PIN photodetector, a semiconductor consisting of an intrinsic for
nearly intrinsic) region between a P and n region, or an APD
(avalanche photodetector diode). Both devices, once matched to the
spectral characteristics of the source, find a wide variety of
applications for fiber optic work at frequencies up to or exceeding
I Gb/s.

A PIN detector exhibits poorer noise performance than an APD but
costs less and requires a lower operating bias voltage, typically 5
to 100 V. An APD, on the other hand, while costing more provides
internal optical gain through photoelectrical multiplication.
Nevertheless, because the gain mechanism of an APD is statistical in
nature, excess noise above that of the PIN is introduced in the

system, however, sensitivity is generally greatly improved.

The gain of an APD may be varied, via the bias supp"y, between I to
1000, although 100 to 200, depending on tihe specific applicatio:, is
more typical. Even at unity gain, the APP seldom perform. worse
than a PIN. The ADP, however, suffers from gain instability brought
about through changes in temperature couL.ed 1.ith the tvpicalv igti
bias requirements, in the order of 200 to 600 V. Although it may
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include complications in the electronics and other system related
considerations (e.g., cost, excess noise), a PIN is often found more
suitable for a specific application, either as a cost/performance
compromise or on its own merits.

PREAMPLIFIER FUNDAMENTALS

As mentioned previously, the photodiode and amplifier combination
comprise the preamplifier. Because they are inextricably linked,
the-noise/bandwidth performances of the detector and amplifier tend
to be obscured by the performance of the overall preamplifier.
Nevertheless, knowledge of the structure of the amplifier, taken by
itself, is fundamental to a firm understanding of the design of high
sensitivity, high bandwidth fiber optic systems.

The subject of amplifier design is somewhat complicated by the fact
that the performance of the amplifier depends on many factors: type
of detector, bandwidth, application (analog or digital), whether
bipolar or field-effect transistors (YET) are used, fabrication
technique (Lvbrid, discrete, stripline, microstrip, and others), use
of equ:alizers a:.d neutralization schemes, shot noise currents and
effective temperature of the primary first-stage transistor, layout
and other factors. However, a good understanding of the subject
will enable the designer to determine the best amplifier suited to
his particular needs.

Although much has been written on the subject of preamplifier
design, much confusion remains primarily because of the method of
characterization. Virtually all amplifiers designed for fiber optic
work can be classified into one of three categories: resistively
loaded, high impedance, or transimpodancp (see figure 1).
Variations, of course, exist and include transistor technology
(bipolariFET), type of equalizer used, load impedance, and so forth,
as stated earlier. However, for any configuration, a hybrid circuit
design offers the ultimate performance solution since grounding is
usuallv better; distributed inductance and capacitance are lower,
allowing wider bandwidth or higher gains; and shielding, owing to
proximity of components and packaging, provides the highest immunity
to external fields while confining those generated internally. For
reasons associated primarily with cost, special requirements, and

availability of standard off-the-shelf -:omponents, many designers,
however, find that the only acceptable alternative is to design
their own preamplifiers.

Of the three configurations, the resistively loaded preamplifier is
the simplest to implement and understand since it requires only
simple alustment of the RC bandwidth product of the amplifier. The

2
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capau.itance C is; gencrally fixed by the total (sum) effective input
capacitaince of the amplifier and photodiode. The photodiode is
represent.ed e 1e-trical 1v as a current source having some Capacitance
%.hic-i. eont :ibutes e .g. adds) to the existing capacitance of the
,impitle r. The totail c.it)a-itance, diodie and amplifier, then
represents the et fe., i 'cc input capacitaince of the preampl if ier C.

Thie iuput impedince 01- the- -irpif i er X is under control of the
designer and is genera ily ,ve,- etedl in con piict ion wit' the
preaimp Iifier capaci1taiii .e to c'' et the sys tem band; i dth qu iremelits:

(I .

In frt nn elvfor h ig. !)ind, i dth , 1-1e pr, .imp! i ifir Input i mpedanice
must he kept sM,3ll htit kee"pijug 1. tir~ll increases the noise of the
aimplii r tJoh:1son or Lhorm1 li noise I 1d irrits ,io' utfility of the

lrim: .1 iln fc: r le, r.o mei rei em mn-' de imp 1 i i

1 s 7~ i :2 v ) i ! IT K iCO Iu ir'.e2, M1CC z-ni Io no
si thootL com p rox -. ng p(.r !m D111AIIc( pe r i e pei Ny i oho e c r , i s th ia t

higher ga in s- us.ual 1v needed in the o;)en1-l mop path of the ampli fier
since the amp" if:ier is operated in a closed loop. ConsequentlIy,

mor ginstges typicallyx two, are requ.ired; hu h os f the
amplif ier is then loweored by G, the open loop gain (see figure 1 )
The gain results because the feedlback impedance R now, acCOUnts, for
the the rma I noise, wh ile the normal ly high input impedance of th e
amplifier is reduced by the open loop gain figure 1). ThIie
t rans impedanice preampl if ier, for the same bandw idth, of*f ers a ce(-a r
nloise advantage over the res ist ively loaded conf igurat ion.
Pr imar i lv for th is reason the t rans impedanice poeampi I if ier has become
quite popular fkor low-noise, li~gh-hanido idtih fiber opti4c design.

The remaining configuration (figure lc) is the hi'gh-impediance
preampli fier, a var i ant of the res ist ivel Iv io(led caSe. ' r r thi1S
con figuration, the input impedance R o; t -peampIi f ier is
increased beyond the sys.tem bandwidth, and nedt ma I i:.at ion ev.g.

S:t i ye feedback) and.' or amplituide eqaictmnis usedi to recover
the or 'ginal bandwidth. i I i K t he p r e ou s I o!f i guiir a T mon i g i r e

1b)I. the high impedance piaml tmr ,,~t-a a ur. t y -ain i mfe
--h he ~tt~.gain pro'cided by thc- ma~c4 rri',s msor RI. ZTne d'0'M

her~~~ e. :IO -r s that It becomes exc-eed ing% xai ff ica It todeig
act ive equal izers with adequate gaini andi good signal -to-:ioise
properties at high signal frnece.4mlry etaiain

-4



extends bandwidth, begins to deteriorate and ultimately limits the
extent of capacitance that can be effectively neutralized, thus
setting a limit on the maximum attainable bandwidth.

The above is a consequence of the inevitable effects of distributed
capacitance and inductance and not necessarily of the effectiveness
of the technique. Albeit there are apparent drawbacks, the, high
impedance amplifier, or integrating amplifier as it is sometimes
called, offers the lowest noise for those applications in wnicnh the
required bandwidth can be realized.

BIASING THE FIRST TRANSISTOR STAGE

The design of a high-performance preamplifier requires that tihe
first transistor stage be biased for both wide bandwidth and lo
noise. The first transistor stage is perhaps the most ilmpotint
stage of the receiver since noise in siunsequent reco,\r :s
offset divided) by ti cor-oit, ga in o0 :gra0ed'1g 1,d

hence prcv:ides a imit ing effect on tlt oe-cr " I R "f ' : r..

ln any pre-amplifier cofiguration, the i: tr~nsi:c- > e at he
implemented with either a bipolar }unction transistor .T: or
field-effect transistor (FET), and succoding stages r. be 3f the
same technology or mixed, depending on spec1fic dosigo r;q;' :rmnents.
Deciding which transistor type to use is a key decision.
example, i 20-Mb/s receiver may use a trai:simpedance *ron: end wth
an FET as the first stage and BJT's for the remaining s gs The
latter mixed design is one in which an FET is exploited '-0- its
typically low-noise characteristics and the BIT for its "si1y
high-gain bandwidth capability and cutoff frocnenc; v extend'ing int o
the gigahertz region. Whether a BJT or an FET is used, the 4d-siner
must decide on the proper biasing method and thie correct ias for
the first transistor stage.

U'nfortunately, low noise and wide bandwidth are conflic:ting
requirements, and a decision concerning which is tihe more impoortant

for a particular design must often be made. Figure 2, for example,
illustrates how biasing can affect the noise, bandwidth perfrrmance
of a preamplifier, depending on whether a trans istor or an .FET is
used tor the first stage. In passing, we note that nois, o urs
because electrons floA as discrete cha , ,rges and no: co! : nocs"\ as a
steadv electric iiid. For that matter. ::cise,-:-:s.s.:,a. lct:'e
circuit in which there is a flow of cIr ent ie.g., snon d.3ad
fl icker).
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NOISE IN FIBER OPTIC SYSTEMS

A well designed fiber optic system generally begins with a detailed
analysis of noise. Noise in a fiber optic system manifests itself
as a reduction of SNR or increase in timing jitter. Sources of
noises include the transmitter, particularly if a laser is used,
selective losses in the fiber, and noise in the preamplifier. The
last excludes related effects such as switching transients, cl.ipping
or saturation, and 60- or 120-Hz harmonic noise in the power supply.
It also assumes adequate decoupling and bypassing of all active
components.

The first two sources of noise are difficult to quantify since,
research is presently continuing and the subject is notr rgurcis y
understood.

For purposes of this report, noise associated with l.a.,ers op-1r t"ng
at high data rates (e.g., 200 Mib/s and above' ineluces:

0 Laser noise (e.g., stectral ii:ten vity vr: .. ns

0 :artitlior noise e.g., \ tle:rgt 21t- \:r -t'' S

* Mlodal noise (e.g., amplitude noise resulting from mode
selective losses, particular in the laser/f.ber
interface and connection alignments, assurn:ng
graded-index fibers)

0 Delay noise (e.g., timing jitter in the arr:val of
optical signals)

Another type of noise associated with a laser is se §-os: ition or
self-pulsation, a tendency of the laser to pulsate :T igh, data :-ate

(e.g., high frequency) fiber optic applications. !,:-Ds, it should
be noted, are immune to these problems but suffer other def:cien.>es
such as slower speed and reduced output power. A detailed
discussion of laser noise is treated in reference 1.

As noted earlier, a high sensitivity rece:ver desigs; s t .ts w:th a
careful analysis of the transmitter. To keep the noisi, level down a
laser should be biased above or below threshold, never in tie
vicinity of the threshold itself. Oper.at:ng above or below
threshold avoids the avalanche noise th- occurs at tres o u whore
the laser changes modes between spontaneous and stimulated emission
(e.g., a source of noise). Of course, for digital svstems. it is
desirable to operate above threshold to minimize turn-on time and to
preserve the rise and fail time symmetry of the opotical caput
signal. However, operating above ti:reshcicl reduces tc. r_,rgin

71



between ONEs and ZEROs (e.g. .,ext tinct ion rat io) . The designer must

therefore seek a compromise between speed of response (e.g., requiring
high threshold) and discriminat ion between ONEs and ZKROs (e.g.,
requiring law thresholds). The depth of modii at ion, for e i tier

analog or digital systems, must also be maximized, witin the
thermal rat ings of the device,* to opt imize the SNR at the re-eiver.

Pull depthi modilIat ion for an alog k m omb.1t s thlie I foc t of
signalshot niaise at the receiver, a critical factor in -hv ed sijgn

of long-haul systems, especiallyv whien is ing AI)'s.

The' 11 pE]ert orinaince of i preimpl if ier is made ill) of irnpl11if ier
110: se * shot nloisel ini the detector, i.3d, eXc-ess 1101 se dIue to imnicA(t

ionia oion atf an AP) references -1, 3, 4). The SNR and BER iloig
with ACtul1 link measurements, including eve-pattern evaliiat ion for
digital sytes are extremely vaillahle tools to quinllt itative-lv
ci.P!Il "e' ize the nloise perfarmaince of a receiver. lhgI tI -systeLms
retr eece 3 ire typicail l more complex sinIce the dtc o rcs

e V' , o\ or Pl;R ,ple ha1)e . a nd t ~an s m itt i ng ree4 i ve v i vrs
A"re V.1s iv d6: teI it. Despite t ies ( : rejlc 1 :iot V( evr *a i

!*l i vt1~ :'trc re lat.1rle by thc :\ or CNR ((,r' *- 0,

A gone rai nio i !rode I~ii o e ,1'01I, I if I eI is sh1w 'i 4gr A!

Sources of niseli the preamplifier include s :grnal shot no ise- or
.i~go 0opt i ca I s i gla I cturreint 1 lo 1lgi the detect('Ioi- 1under tue1

presence of I ilt , detector shot noise resi t iii" fran' the deotect-or
(ark currelit * Amd amp1 ier110 s con-., ist ilg of' thiermal I n-o i .,d

qia 1lni llhOt 1101 se. lie detector l0011i~ r storl * tiesent In t he

res st iy l oIv l oaded a nd 1. i gh- . ni ) di icevi pr v i 1 ier (-on gr, it i o n
is, gelieri I "i umped t oget her withi t he~:~ irpedai:ice o! tle
'impli hi1r -, :Isl o011 va lent" taral le] ;fmpoeIlince, to form t lie
umpi1 i f ic(-i thermalI no ise c-onitr i hilt ionl. For the t~!srie~~c
1:COltigli iat ioy. The tiuerma 1 noise coines Irom ihe, .impi; ier feedback

re 1t ri.; ,or trans ,impedance . I'lie 3mpl it 1cor nloise c:ai ii terilelv
he mode led by ii resi(star at a ti'miper~lti.on that gives rise to the

same no0ise spectral dens ity as tihe ampifie 1r. Inl fiure the

individual noise sources of -the amp! it ;(,I are e~i~litl
repeete aol tige 111(i currentl noisev source ;lct ing at the

i-pitt the aImo1 if icr. Amp! it i r noise . gieneral l, the most

go i "i cator 1i a r Ioi ignIa sh, o t110o1 sc I im rp t ed Irecv ixe v? Z.1 A
lIotiianilt factor wheni us ing AD' s.

Shot ntoise depe nds ani the type of det-ctor. .S:ic noise -*ar ai PIN,
or oxiniplea consists of reverse dark current, the iagecurrent

I LI
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that flows in the absence of light. In an APD, however, both the
bulk and surface contributions of the dark current must be taken
into account.

Surface current (which can be one to three orders of magnitude
higher than bulk current) in an APD is treated simply as shot noise.

Bulk current, however, is multiplied by the gain of the APD
producing an excess noise that depends on the quality of the
-,tector (e.g., impact ionization coefficient K). For a good
1:jlitv silicon API) the noise factor is typically very low (e.g.,

K = 0.2) whereas for germanimum APD's it is somewhat high (e.g.,
K = I). If the dark current is also high, the excess noise will
have minimal effect on the receiver because of dominance by the dark
current noise. In addition, the excess noise in an APD will
increase with gain at a faster rate than the multiplied optical
signal. Eventually a point will be reached where an increase in
gain for a given optical power will produce a reduction in
sensitivity. The gain at which this occurs is called the optimum
gain of the APD. For a low noise device, it is generaliy lfi>xeO by
the noise of the amplifier.

To complicate matters, an APD is also extremely temperature
sensitive, and therefore care must be exercised that proper gain
control be provided; otherwise the optimum gain setting will change
with temperature and significantly degrade sensitivity. Because
dark current will also change, e.g., double for approximately every
IOVC rise in temperature, gain control should be based on optical
signal power variations, not necessarily average d.c. optical output
power. This precaution iill prevent an erroneous d.c. error signal
resulting from the dark current from developing in the gain control
circuitry. However, for wide-band systems in which dark current is
usually dominated by amplifier noise, d.c. coupling is acceptable as
long as the average optical power remains approximately constant.
One technique of doing this and providing optimum gain control
,iutom,,itically at the same time is to bias the APP from a constant
current source. The current source must be set tor optimum gain at
.imbient temperature for the technique to work properly. Mloreover,
the AlD must be shunted by a capacitar, across which the \'ol;age
ma i ntainus the APD at optimum gain under virving levels of optical
signal power and changes in temperature re.g., provides 100 percent
gain control,).

",,xTherna',ically, the signal to noise ratio (SNP) of an optical
Pro,,:.i,!ifier is expressed as (assuming fuli-depth modulation):

lo

i



SNR Signal Power
Signal Shot Noise + Detector Shot Noise + Amplifier Noise

M2

(mRMP)2

2eB nIsM F + (IDBM2F IDS) + I

A description of the above parameters for PIN's and APD's is
presented in table I and comprehensive description of all parameters
is provided in table 2.

Examination of this equation reveals that the SNR performance of a
preamplifier is determined solely by the type of amplifier and
detector used for the preamplifier. A simplification can usually be
made for a PIN detector, which provides a gain of unity:

(mRP) 2

-eB n  (I S ± D + A )

Note that the detector dark current ID now consists of the, halk: and
surface currents IDB and IDS respectively.

To select a detector, the designer need only be concerned uith the
application and have in mind some preliminary formulation of the
design requirements. For instance, consider an analog application
in which the SNR requirement is typically high, 40 to 30 dF (e.g.,
CATV). Here an APD would provide little advantage over a PIN
because of the high SNR coupled with the type of modulatioi being
considered, e.g., analog. Some typical results showing a compar:son
of the performance between a PIN and APD in a typical application
are provided in figure 4 (reference 6).

The above argument, however, is not necessarily appropriate for
digital systems where an APD will generally provide approximately 10
to 13 dB of additional margin over a PIN in figure 5 lreference r,).
The SNR requirement is inadequate here, since the criteria of
interest for digital systems is the detection'probability of a
signal exceeding a certain threshold, specifically the number of
primary electrons produced by the optical pulse, the distribution of
gain statistics if an APD is being used, and the effective noise
electron charge of the amplifier. A principal feature o, an API) is
its performance at high frequencies where dark current effects begin
to diminish (reference 7) and where bandwidth generally becomes
limited by the amplifier detector capacitance as shown in figure 6.
It follows from the above, that gain can be traded h;etueen
sensitivity and bandwidth. However, the designer wili probably come

11
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Table 2. Definition of Preamplifier Noise Terms

m =OPTICAL MODULATION INDEX

R DETECTOR RESPONSIVITY AT ,,

= qK WHERE: q = ELECTRON CHARGE;c = VELOCITY OF LIGHT
hc/,\

h = QUANTUM EFFICIENCY; = WAVELENGTH OF LIGHT

K = PLANK'S CONSTANT

P, = AVERAGE OPTICAL POWER

M = MEAN AVALANCHE GAIN

1
- WHERE: a = CONSTANT;V,., = BIAS VOLTAGE

V = VOLTAGE AT GAIN M

F EXCESS NOISE FACTOR

SM[1 -(1-K)( M- 1 WHERE: K = IONIZATION RATIO

& AND a ARE THE DETECTOR IONIZATION RATES

Is = SIGNAL SHOT CURRENT

= poP0 WHERE: p, = RESPONSITIVITY AT DC

IDB, IDS = DETECTOR BULK AND SURFACE CURRENTS RESPECTIVELY

IA = AMPLIFIER SHOT NOISE
2 KTEFF WHERE: TEFF - EFFECTIVE AMPLIFIER NOISE TEMPERATURE

REFF = EFFECTIVE AMPLIFIER INPUT IMPEDANCE

n= NOISE BANDWIDTH; = ir/2 BW 3 dB

i13ii ii



0

IL

0 0

1 '7

ow 0

I I I I I I I I I r_

cjj

107

NOW) 3AA~divoud a3A133W 3V83A

14N



-25 - PIN

-30 BER =10 .8 PN
-30 -

:S -35i -

=U
? -40 -0

-45
~-45 APD

.

0 -50 -
a

U -55 -
0
LU

uw -60 -

cc4

uj -65
4

-70

-75 I I I I I I II I I I I i

0.1 0.2 0.4 1 2 4 10 20 40 100 400 1000
0.8 a 80 200 800

BIT RATE (Mb/s)

I0

Figure 5. Optical Power Vs. Bandwidth for Digital Systems
(Reference 6)

1

~15



z -4

00
w 4

0-

0 41

4 0

4o
C.) LILu

CLC

C!"

LA. U)

r7~9 r- 1 7 7 1

zH/moiiv HiaMONV/U3Md IV10d

H j~J16



to the conclusion that the main utility of an APD lies in its
ability to compensate for the inevitable, practical effects of
preamplifier noise including detector dark current and capacitance
(reference 8). In fact, a low noise photodiode with integrated PIN
FET, reported in reference 9, provides performance comparable to the
best quality silicon APD (figure 7). This APD employs a high
impedance preamplifier, with digital equalizer housed in a hybrid
module. Such circuits operating at the conventional 0.82 jm, as
well as the longer 1.3 jm, wavelength, designed with wide-band FET

and biopolar preamplifiers, are available commercially (references
10, 11, 12).

The PIN FET is, perhaps, the latest technological development in
extremely low noise receiver preamplifier designs. A PIN FET
module, incorporating a long wavelength PIN detector with integrated
mesa structured FET, developed by Plessey Ltd. for the British Post
Office (BPO), provides an input capacitance of 0.3 pF, quantum
efficiency of 25 percent, and receiver sensitivity of -40.7 dBm at a
BER of 10' 9 in a 140-.Nb/s system. The high impedance: design, which
uses a 10 1 ohm load resistor at the input of the FET, provides an
unequalized bandwidth of approximately 5 kHz. A one-stage
integrated digital transversal filter, consisting of delay line and
comparator, is then used to extend the bandwidth to the required 140
Mb/s. This novel approach avoids the general difficulties of
building active, linear equalizers. In addition, applications are
limited to digital systems which operate at rates set by the delay
line. A functional diagram of the PIN FET, including performance
characteristics compared to APD's of various material systems is
showtr in figure 7. Note that for a good quality FET (e.g., one with
low capacitance and high transconductance), a PIN FET can provide
comparable performance to an APD. However, making generalizations
can be very misleading (and often is) unless specific conditions are
carefully and accurately specified.

HIGH IMPEDANCE PREAMPLIFIER DESIGN

A high impedance preamplifier circuit, designed for extemely low
noise optical detection and moderate bandwidth applications is
presented in figure 8. Key features of the circuit include AGC,
single +12 V operation, low power comsumption (e.g., aproximatelv 15
to 20 mA), large dynamic range and neutralized bandwidth of I0 M1Hz
at a gain fresponsitivity) of 6mV/A. The standard output is 50
ohms. The circuit, measuring approxmately I inch x 2 inches. has
been breadboarded and tested and found to provide virtually error-
free digital transmission at an optical power level of 10 nli when
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operating at a data rate of approximately 600 kHz. However, better
performance is expected when using a post amplifier prior to
detection. An alternate version, featuring a one-stage equalizer,
provides a 10-MHz bandwidth at the same sensitivity.

The preamplifier uses a dual gate MOS (metal oxide semiconductor)
PET to minimize input capacitance, improve noise, and achieve
extended bandwidth performance. Alternately, sensitivity can be
improved by reducing the bandwidth.

The output drive capability of the PET, which was enhanced through
the addition of a bipolar transistor, improves the PET gain/speed
performance while additionally providing the high drive needed for
neutralization.

The PET, which is operated as a source follower, acts as a unity
gain buffer to reproduce the optical signal at its output gate. It
also provides the feedback required for neutralization.

The feedback is in phase with the optical signal and is implemented
via a signal plane which interconnects with all active components on
the circuit board, principally a photodiode, a simple PIN, and the
FET amplifier. The case Terminal of the photodiode is' neutralized
so that mounting receptacles, located above the signal plane, may be
used without loss in performance. In addition to capacitance
neutralization, the signal plane, driven by the output of the PET,
also provides impedance bootstrapping, a technique which increases
the input impedance of the PET. As used here, the technique allows
precise definition of the system noise bandwidth. It also extends
the dynamic range of the preamplifier, allowing a wider range of
optical signals to be accommodated than would otherwise be possible.

TRANSIMPEDANCE DESIGN

An experimental prototype transimpedance preamplifier, developed
primarily for ultra-high-gain/low-noise wide-band applications is
presented in figure 9. This particular circuit is currently under
development, but preliminary testing indicates exceptional
sensitivity, approximately 60 mV/pW, low noise, and a system
,bandwidth of 100 MHz or higher. The circuit, measuring 3 inches x
1-1/2 inches, accommodates either a PIN or APD photodiode. However,
for an APD, the sensitivity is significantly improved, typically
6 V/pW. Maximum optical power, in this case, should be restricted
to below 500 uW, peak to peak, to prevent saturation of the output
stage.
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The prototype circuit employs two low-noise/nigh-speed Plessey
differential pair amplifiers to develop an open loop gain of
approximately 2 x 106, or 130 dB. The first differential pair, Q,
and Q 2, connected to the photodiode, uses a low noise design
requiring 30 of the available 130 dB of open loop gain to reduce the
input impedance of the amplifier, provide a relatively constant gain
independent of component time/aging effects, and provide very wide-
band/high-gain operation into the MHz region. At a bias of I mA,
for example, provided by a constant current source CR240, 3nd
assuming an input impedance of 50 ohms, the noise figure (NF) of the
first stage is set to about 2 dB. Negative feedback, provided by a
second stage amplifier, optimized for high-speed, establishes the
final closed loop gain of 100 dB. The output stage, Q6, buffers the
preamplifier when driving 50-ohm coaxial lines.

The choice of detector and bias supply is optional. A'IN, bi-ised
from the existing +5 V supplies, is considered sultabie tor moder.Le
bandwidth systems where power availability is not partic ,:arly
critical, while an APD is considered more appropriate ov !ung-hau'i,
high bandwidth systems where sensitivity requirements iro ocre
demanding. As designed, however. the photodetector ma' b,, biased
from an existing or external power supply using either polarity or
both. This flexibility combined with high gain, low noise. .nd the
wide bandwidth capability of the preamplifier makes an ideal
component for designing high performance fiber optic sysLems.
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